Introduction
Two of 1000 live births suffer from infantile cerebral palsy, which is often accompanied with spastic movement restrictions. Furthermore, about 200.000 people suffer from stroke each year in Germany, approximately 10% subsequently remain with spastic impairments. The impact of these spastic impairments on patients' functional motion performance is highly individual. But spastic impairments have one common ground; they take an enormous impact on quality of life. The activation of spastic muscles by the central nervous system is nearly unknown and there are no generally accepted measurement techniques. However, the changes in the muscle are related to alterations in the electrical activity of the motor units which are the smallest functional units of a muscle. So information about the activity of single motor units is fundamental for the diagnosis of neuromuscular disorders. Generally, in clinical practice this information is achieved with invasive measurement methods. The electrical activity of single motor units can for instance be detected with the invasive needle electromyography. Therefore a needle electrode is inserted in the muscle. Invasive measurement methods are painful and not suited for repetitive recordings. Replications of the measurement are necessary for monitoring the course of disease. A new approach for the non-invasive measurement of spastic impairments is the use of the high spatial resolution electromyography (HSR EMG) [1] . The HSR EMG has already been used for the detection of neuromuscular disorders [2] . The question is now whether the HSR EMG allows the detection of recruitment strategies of the spastic muscle by the impaired brain and if there is a difference between spasticity and peripheral nerve denervation which can be detected with HSR EMG non-invasively.
Methods
Activated motor units cause electrical potentials which superpose to one overall potential. Deep situated motor units create a low-frequency, flat potential course whereas skin-deep motor units cause a potential with a higher amplitude. The result of recording this superposed potential with two electrodes, which have a big distance between the electrodes, is the absolute value of the potential. This value contains just the information about the activity of the whole muscle. Information about the electrical activity of single motor units can be achieved by minimizing the distance of the electrodes. The minimal distance between two electrodes effects a spatial filtering by attenuation of the signal components of more distant located motor units. For a further amplification of the signal components of skin-deep motor units, a Laplace filter is used which is well-known for edge detection in digital image processing (Fig.1 ).
Figure 1: Laplace filter
The required electrode distance of 2.5mm for a skin-deep muscle like abductor pollicis brevis muscle is achieved by the usage of a multi-electrode array which contains 16 pin electrodes (Fig.2) . The HSR EMG recordings were taken at isometric, maximum voluntary contraction of the abductor pollicis brevis muscle (APB) of three patients who suffer from stroke and two suffering from infantile cerebral palsy. There are two challenges for the measurement, the first is the lacking ability of the patients to contract the APB muscle maximal, due to the spastic impairment, and the second is the lacking possibility to keep the contraction at a constant level. To address the challenges in an optimum way the multi-electrode array is attached to a handhold which can be used various positions, in order to permit positions which would increase the spastic impairment. 
Results
The HSR EMG signal of a healthy subject has a very specific course in time. The signal shows a dense pattern of peaks resulting from the activity of a single motor unit, but there is also background activity resulting from more distant located motor units (Fig3.). (Fig.4) . Neuronal disorders lead to a decreased quantity of motor units which can be activated, due to the denervation of neurons. The characteristics of the HSR EMG signal of spastic muscles are isolated peaks with a high amplitude and rarely background activity from more distant located motor units (Fig.5) . The distance between the single peaks is extraordinarily constant. Additionally the shape of the repeated, isolated peaks is identical. 
Discussion
The method of high spatial resolution electromyography enables the non-invasive detection of recruitment strategies of motor units by the spastic impaired brain. The electrical activity of single motor units can be recorded by the use of a 2-dimensional Laplace filter. The recruitment strategy of motor units of patients with brain damage shows a highly synchronized activation pattern. Additionally the amplitude of the electrical activity is increased, which leads to the hypothesis that the recruitment of motor units is more synchronized. The activation of several motor units at the same time causes superposition of the amplitudes of each potential. With the non-invasive measurement method of the HSR EMG, differences between spasticity and peripheral nerve denervation can be detected. Although the possibility to activate motor units is limited in both groups, there are significant differences. In contrast to the signal of peripheral nerve denervation the amplitude of the peaks in a spastic muscle is higher and the frequency of repeated peaks is very constant. Therefore a distinction between spasticity and peripheral nerve denervation is possible. Another benefit of the non-invasive measurement method of HSR EMG is the use for monitoring the course of disease. Especially the changes in the activation pattern of motor units following stroke are important to observe.
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